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Description 

The present invention relates to a recording 
method and apparatus such as an ink jet recording 
apparatus or a thermal recording apparatus which 
forms images by driving a recording head having a 
plurality of recording elements. 

More specifically, the present invention relates 
to a recording method and apparatus which is 
preferably applicable to apparatuses using as re- 
cording elements, thermal elements having thermal 
resistors and electrodes connected to the thermal 
resistors. One of those apparatuses is an ink jet 
recording apparatus that has thermal elements dis- 
posed in liquid passages, and ink ejection outlets 
disposed on the surface of the recording head and 
communicating to the liquid passages. 

Recently, the ink jet recording method has 
been increasingly attracting attention. This is be- 
cause of its various advantages which are conven- 
tionally known: noises during recording is very low; 
color recording can be easily achieved by this 
technique; and recording to common paper can be 
carried out. 

Above all, an ink jet recording apparatus which 
uses thermal energy for recording attracts particu- 
lar attention because its size can be easily re- 
duced, and the high density alignment of the ink 
ejection outlets is possible. The ink jet recording 
apparatus performs recording as follows: thermal 
elements provided in the liquid passages commu- 
nicating to minute ink ejection outlets from which 
ink is ejected are heated by electric currents; and 
the ink is ejected from the ejection outlets in the 
form of ink droplets by using the sudden volume 
change involved in bubbling of the ink around the 
thermal elements, which is caused by heating. 

In this type of ink jet recording apparatus using 
thermal energy, the recording head is usually pro- 
vided with a plurality of ink ejection outlets which 
are integrally aligned in a certain direction. For 
example, a so-called full line type recording head 
in which the ink ejection outlets are aligned over 
the full length across the width of a recording 
medium such as a sheet of paper, an OHP sheet or 
a sheet of cloth, the thermal elements are driven all 
at once, or block by block consisting of a certain 
number of the thermal elements by applying volt- 
age pulses of a certain width in sequence. In 
general, it is important to control the pulse width so 
that each pulse gives just sufficient thermal energy 
for ejecting ink so that excess thermal energy is 
not produced. This is important not only for energy 
saving but also for stabilizing the ink ejection in the 
course of repetitive drive of the recording head. 
Such a driving technique is also used by the re- 
cording head of a thermal recording apparatus. 



The resistances of th thermal el ments lami- 
nated on a substrate, how ver, ar not uniform. As 
a result, amounts of heat gen ration of the thermal 
elements vary according to th variation in resis- 

s tances of the thermal elements. This causes the 
volume change of the ink at bubbling to vary for 
respective thermal elements, the quantity of eject- 
ed ink to vary, thereby making the diameters of 
dots different, which will deteriorate the quality of 

10 recorded images. This problem holds true of other 
recording apparatus such as a thermal recording 
apparatus. 

Furthermore, in conventional ink jet recording 
apparatuses or thermal recording apparatuses, all 
f 5 the thermal elements in the head is driven by 
pulses of the same width having the same drive 
voltage. This presents a problem that not all the 
thermal elements are driven by the optimum drive 
condition: to some thermal elements, more than 
20 sufficient energy is applied, thereby shortening the 
life of the thermal elements; whereas, to other 
elements, less than necessary energy is applied, 
thereby destabilizing the ejection of the ink by the 
thermal elements. 
25 Moreover, in a recording head which is pro- 

vided with a number of ink ejection outlets aligned 
in the direction of printing, for example, as in a 
recording head so-called full-multi-type recording 
head in which the ink ejection outlets are aligned 
30 over the full length across the recording paper, the 
variation in the resistances of the thermal elements 
further increases, which presents a problem that 
the stability of the ink ejection is further deterio- 
rated. 

35 It is therefore a concern of the present inven- 

tion, in view of the above problems, to provide a 
recording method and apparatus that can achieve 
high quality record images by making it possible to 
perform optimum control of the thermal element 

40 drive. 

European Patent Specification No. EP-A- 
0,318,328 discloses printing apparatus in which the 
voltage and width of a driving signal are controlled 
in accordance with the number of recording ele- 

45 ments which are simultaneously driven during a 
printing recording operation. 

European Patent Specification No. EP-A- 
0,245,006 describes apparatus in which the resis- 
tances of individual recording elements are mea- 

so sured and stored so that the pulse width of a 
driving signal to each element can be controlled in 
accordance with the stored data. 

In a first aspect of the present invention, there 
is provided a print head as set out in claim 1 . 

55 In a second aspect of the present invention, 

there is provided a method of recording image data 
as set out in claim 7. 
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According to a feature of the inv ntion, the 
index of energy may be set according to an aver- 
age resistance of the electrothermal transducers of 
each block, the average resistance being obtained 
on the basis of measured data, and the electrother- 
mal transducers of the each block are driven with 
drive pulses of a pulse width corresponding to the 
index of energy read out by the read means 

In a preferred embodiment, the variation of the 
characteristics of the recording elements (e.g., the 
variation of the resistances of the thermal ele- 
ments) is corrected as follows; 
first, the recording elements (e.g., thermal ele- 
ments) included in the recording head are divided 
into a plurality of blocks; second, the data which 
are prestored in the memory for providing the 
driving conditions such as pulse widths are re- 
trieved from the memory; and finally, the recording 
elements are driven block by block in sequence 
with appropriate driving energy for each block on 
the basis of the data. Thus, the variation of the 
recording elements among different blocks are cor- 
rected. As a result, the ink ejection of the ink jet 
recording method or the thermal recording of the 
thermal recording method can be stabilized, there- 
by achieving high quality images. 

Furthermore, according to an embodiment of 
the present invention, a plurality of electrothermal 
transducers (heaters) are divided into blocks each 
of which is driven by a driver to which an optimum 
drive index (an energy index) is assigned which is 
determined according to the average resistance of 
the electrothermal transducers of the block, and is 
previously stored in the recording head in the 
course of the fabrication and inspection process or 
the like of the recording head. The prestored drive 
indices are sequentially read through the drivers so 
that electrothermal transducers are driven by the 
optimum pulse widths when the blocks are sequen- 
tially driven to record images. As a result, the 
electric energy of appropriate driving conditions is 
applied to the electrothermal transducers through 
individual drivers. This will stabilize the recording 
operation, thereby achieving high quality images. 

Thus, since these embodiments control the 
driving conditions of the recording elements (e.g., 
the thermal elements) to appropriate values block 
by block, the variation of the characteristics of the 
recording elements can be corrected by a rather 
simple circuit arrangement. This enables the gen- 
eration of energy used for recording (e.g., the ther- 
mal energy used for ejecting the ink) to be stabi- 
lized. As a result, ejection of uniform droplets of ink 
can be carried out without increasing the size of 
the apparatus, high quality recording of images can 
be achieved, and the life of the recording head is 
lengthened. 



In order that th present invention may be 
mor r adily understood, mbodiments thereof will 
now be d scribed by way of example and with 
reference to th accompanying drawings in which: 
Fig. 1 is a schematic perspectiv view showing 
an example of a recording head used by an ink 
jet recording apparatus in accordance with the 
present invention; 

Fig. 2 is a schematic horizontal sectional view 
) illustrating the principle of ink ejection of the 
recording head; 

Fig. 3 is a block diagram showing a first em- 
bodiment of an ink jet recording apparatus in 
accordance with the present invention; 

5 Fig. 4 is a circuit diagram showing an example 
of the head driver shown in Fig. 3; 
Fig. 5 is a block diagram showing the details of 
the recording signal generator and the pulse 
width designation memory shown in Fig. 3; 

o Fig. 6 is a diagram showing the operation of the 
recording signal generator and the timing of the 
head drive signal shown in Fig. 3; 
Fig. 7 is a perspective view showing a second 
example of the mechanical structure of the ink 

5 jet recording apparatus in accordance with the 
present invention; 

Fig. 8 is a perspective view showing the appear- 
ance of the ink jet recording head shown in Fig. 
7; 

io Fig. 9A is a circuit diagram showing the circuit 
arrangement of the driver (IC) of electrothermal 
transducer elements in accordance with the sec- 
ond embodiment of the present invention; 
Fig. 9B is a circuit diagram showing the circuit 
35 arrangement of the recording head of the sec- 
ond embodiment of the present invention which 
uses a plurality of drivers shown in Fig. 9A; 
Fig. 9C is a timing diagram showing the normal 
drive timing of the recording head of Fig. 9B; 
40 Fig. 9D is a timing diagram showing the drive 
timing of the recording head shown in Fig. 9B in 
the case where drive indices are read; 
Fig. 1 0A is a plan view showing packaging pat- 
terns of the driver circuit shown in Fig. 9B 
45 arranged on the recording head substrate; 

Fig. 1 0B is a plan view showing an example of a 
drive index setting portion which is enclosed by 
broken line rectangles shown in Fig. 10A, and in 
which the patterns are cut for setting the drive 
so index; 

Fig. 11 is a view showing an example of the 
relationship between the binary number of the 
drive index set as shown in Fig. 10B and the 
pulse widths applied to the drivers; 
55 Fig. 12 is a block diagram showing an example 
of a circuit arrangement of the driver system of 
the recording head unit of the embodiment 
shown in Fig. 9B; 



3 



5 



EP 0 440 490 B1 



6 



Fig. 13 is a schematic diagram illustrating an 
embodim nt of an apparatus in accordance with 
the present invention to which th ink jet record- 
ing apparatus shown in Fig. 7 is equipped; and 
Fig. 14 is a schematic drawing illustrating an 
embodiment of a portable printer in accordance 
with the present invention. 
The invention will now be described with refer- 
ence to the accompanying drawings. 

Fig. 1 shows an example of a recording head 
used by the ink jet recording apparatus to which 
the present invention is applied. 

Referring to Fig. 1, an ejection element 12 
includes liquid passages, ink ejection outlets 14, 
and a common ink chamber. The liquid passages 
contain devices such as thermal elements (thermal 
energy generating means) which are disposed in 
parallel in the liquid passages, respectively, and 
produce thermal energy used for ejecting ink. The 
ejection outlets 14 are arranged at front ends of 
liquid passages. The common ink chamber sup- 
plies the liquid passages with ink stored therein. 
The ink is ejected from the ejection outlets 14 in 
the form of ink droplets for recording images. The 
ejection element 12 is constructed by joining a 
substrate 12A and a top plate 12B together. Here, 
the substrate (a heater board) 12A has thermal 
elements and wiring arranged thereon, and the top 
plate 12B has grooves for forming the liquid pas- 
sages and the common ink chamber. 

The substrate 12A is attached to a base plate 
16 by adhesion or the like. On the front of the 
ejection element 12 and the base plate 16, a front 
plate 18 is fixed by fastening members such as 
bolts. The front plate 18 has an opening 18a 
through which the ejection outlets 14 directly face a 
recording medium. Portions 20, 22 and 24 are 
members constituting a part of ink supply system. 
Member 20 is an elbow-shaped connecting mem- 
ber for guiding ink into the common ink chamber. 
Member 22 is a filter unit disposed in the ink 
supply passage from an ink reservoir as an ink 
supply source. Member 24 is a supply pipe cou- 
pling the connecting member 20 and the filter unit 
22. 

Fig. 2 is a schematic horizontal sectional view 
showing a part of the ink ejection portion of the 
recording head. In Fig. 2, on the surface of the 
ejection element 12 facing a recording medium 26, 
are arranged the plurality of the ink ejection outlets 
14 spaced a certain pitch apart. The ink ejection 
outlets 14 communicate to the ink passages in 
which electrothermal transducers 28 are disposed. 
The electrothermal transducers 28 generate bub- 
bles 28A in the ink when they are driven (heated 
by currents) according to dot information. The bub- 
bles 28A change the pressure in the ink, thereby 
forming projected ink droplets 30 which adhere to 



the recording medium 26 in c rtain patterns to 
form images. Incid ntally, the heater board 12A 
may int grally include drivers for driving the elec- 
troth rmal transducers 28. 
s Fig. 3 is a block diagram showing an embodi- 

ment of an ink jet recording apparatus to which the 
present invention is applied. In Fig. 3, reference 
numeral 32 designates the recording head de- 
scribed with reference to Figs. 1 and 2. The re- 
70 cording head 32 has a plurality of ink ejection 
outlets aligned in a certain direction: for example, 
they are aligned over the full length across the 
recording medium 26. The recording head 32 con- 
tains thermal elements 34 disposed in the liquid 
is passages communicating to the respective ink 
ejection outlets. The thermal elements 34 are di- 
vided into a plurality of (= N) blocks each of which 
includes a predetermined number of ( = K) thermal 
elements (and ink ejection outlets), and the thermal 
20 elements belonging to the same block are simulta- 
neously driven by one of head drivers 36-1 - 36-N 
each of which is made as an IC circuit. 

As shown in Fig. 4, each of the head drivers 
36-1 - 36-N has a K-bit shift register 38 and a K-bit 
25 latch 40. The shift register 38 stores a part of a 1- 
line data signal SI in such a manner that each bit of 
the shift register corresponds to each respective 
one of the K ( = 64, for example) thermal elements 
of the block. The latch 40 latches the bit data in the 
30 shift register 38 in response to a latch signal LAT. 
Furthermore, each of the head drivers 36-1 - 36-N 
includes a flip-flop, inverters, and gate circuits as 
switching means for driving respective thermal ele- 
ments 34 in response to a strobe signal STB, an 
35 enable input signal EN, an enable clock signal ECK 
and the like. Other reference characters in Fig. 4 
are as follows: D1 - DK designate terminals con- 
nected to the thermal elements 34 forming the 
block; SCK denotes a clock signal for transferring 
40 the recording data; and CLR designates a clear 
signal of the flip-flops. A suffix "O" attached to 
signals SDO - ECKO at the right-hand side of Fig. 
4, indicates that these signals are outputted to the 
next driver. 

45 A signal SDO is fed to the next head driver as 
a data signal SDI. A signal LATO is fed to the next 
head driver as a latch signal LATI. A signal STBO 
is fed to the next head driver as a strobe signal 
STBI. A signal SCKO is fed to the next head driver 

so as a data transfer clock SCKI. A signal ENO is fed 
to the next head driver as an enable input signal 
ENI. A signal CLRO is fed to the next head driver 
as a clear signal CLRI. A signal ECKO is fed to the 
next head driver as an enable clock signal ECKI. 

55 Referring to Fig. 3 again, the thermal elements 
34 in the recording head 32 are provided with a 
drive voltage VH from a power supply 42. On the 
other hand, the head drivers 36-1 - 36-N are pro- 
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vided with signals from a recording signal gener- 
ator 44 that generates the signals in response to a 
drive timing signal T from a CPU 46. The CPU 46 
accepts image data IDATA from a host apparatus 
50 functioning as the source of the image data, and 
transfers the image data IDATA to an image mem- 
ory 48. The CPU 46 is connected to an ROM 52 
that stores various programs executed by the CPU. 
and to an RAM used as working areas. The record- 
ing signal generator 44 is connected to a pulse 
width designation ROM 54 which stores data that 
designate the pulse widths of respective head dri- 
vers 36-1 - 36-N. The data are predetermined in 
accordance with the characteristics of thermal ele- 
ments 34 so that individual head drivers 36-1 - 36- 
N can carry out the optimum drive of the thermal 
elements 34. 

The recording signal generator 44 thus ar- 
ranged operate as follows: first, it reads out the 
image data IDATA stored in the image memory 48 
in response to the drive timing signal T from the 
CPU 46; second, it generates the data signal SI 
together with clock signals and the latch signal 
LAT; and at the same time, it sequentially reads 
out the optimum pulse widths to drive the respec- 
tive head drivers 36-1 - 36-N from the pulse width 
designation memory 54, and sequentially supplies 
the head drivers with strobe signals STB of the 
optimum pulse widths for individual head drivers. 

Fig. 5 shows an arrangement of circuits in- 
volved in generating the strobe signal STB, includ- 
ing the recording signal generator 44 and the pulse 
width designation memory 54, and Fig. 6 illustrates 
timing of signals generated by the circuits. 

In Fig. 5, the pulse width designation memory 
54 is connected to a block counter 56 which is 
reset by a line start signal LNST generated for 
each line, and counts up block clocks BLKCK gen- 
erated each time each respective one of the blocks 
is driven. The output of the block counter 56 (5 
bits) is applied to the address terminal of the pulse 
width designation memory 54 each time the coun- 
ter counts up, and the content of the address, that 
is, the pulse width data (8 bits) is read out. The 
pulse width data produced from the pulse width 
designation memory 54 is fed to a strobe pulse 
width counter 58 as preset data to be set into the 
counter by the strobe start signal STBST. The 
strobe pulse width counter 58 produces a ripple 
carry signal RC when it counts the basic clock BCK 
certain times determined by the preset data. The 
signal RC is fed to a strobe flip-flop 60 to reset the 
flip-flop which has been set by the strobe start 
signal STBST. 

One line of image data are read from the 
image memory 48, are transmitted to the shift 
register 38 in the head drivers 36-1 - 36-N in 
synchronism with the data transfer clock SCKI, and 



ar latch d into th latch 40 by the latch signal 
LAT in a pr determined timing. Aft r that, the line 
data are outputted every tim a lin start signal 
LNST (see, Fig. 5) is issu d. The flip-flop 41 is set 
s by the enable clock signal ECKI when th enable 
input signal ENI is applied to the head driver 36-1, 
and the output of the flip-flop is applied to an input 
of a first input of an AND gate 43. 

On the other hand, in Fig. 5, the block counter 
10 56 is reset by the line start signal LNST. By this, 
pulse width data corresponding to the head driver 
36-1 is read from the pulse width designation 
memory 54, and is preset into the strobe pulse 
width counter 58 in synchronism with a strobe start 
75 signal. In addition, the strobe flip-flop 60 is set by 
the strobe start signal STBST, thereby producing 
the strobe signal STB which is applied to a second 
input of the AND gate 43 as the strobe signal STBI. 
The strobe signal is being produced until the 
20 strobe pulse width counter 58 counts down the 
block clock BLKCK by the number preset thereto. 
Accordingly, the drive pulse is being produced 
from the and gate 43 as long as the strobe signal 
STBI is present. 
25 Then, the flip-flop 41 is reset by the next 

enable clock signal ECKI. By this, the flip-flop 41 of 
the head driver 36-2 is set, and the output of the 
flip-flop is fed to the first input of the AND gate 43. 
In Fig. 5, the block clock BLKCK which is produced 
30 in response to the termination of the drive of the 
previous block is applied to the block counter 56 
which counts up the clock. As a result, the pulse 
width data corresponding to the head driver 36-2 is 
read from the pulse width designation memory 54, 
35 and is set to the strobe pulse width counter. Thus, 
the strobe signal STB corresponding to the pulse 
width is produced, and the head driver 36-2 is 
driven during the pulse width. Likewise, the head 
driver 36-3 - 36-N are sequentially driven there- 
40 after. 

Thus, the strobe flip-flop 60 produces a strobe 
signal STB composed of a series of pulses each 
having the pulse width determined by the flip-flop 
60. These pulses are sequentially applied to the 
45 head drivers 36-1 - 36-N (or the blocks 1 - N) so 
that each head driver can drive the thermal ele- 
ments in the block with the optimum pulse width as 
shown in Fig. 6. 

Using the recording head and its drive system 
so described above makes it possible to arrange a 
full-color line printer as shown in Fig. 7. 

In Fig. 7, reference numerals 61 A and 61 B 
designate two pairs of rollers provided for holding 
and transferring a recording medium R (shown as 
55 fanfold paper in this figure) in the subscanning 
direction Vs. Four recording heads 62BK, 62Y, 62M 
and 62C for recording black, yellow, magenta, and 
cyan, respectively, are disposed in this sequence 
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from the upstream of the transferring direction of 
the recording medium, thus constituting a full-mul- 
titype recording head. All these recording heads 
have ink ejection outlets extending over the full 
length across the recording medium Ft. 

Below the recording head 62BK, is provided a 
recovery system 66 which replaces the recording 
medium R so as to face the recording heads 62BK 
- 62C when the ejection recovery processing is 
performed. The frequency of executing the ejection 
recovery processing can be remarkably reduced in 
this embodiment because preliminary heating is 
performed at appropriate timings. 

Fig. 8 shows an appearance of the recording 
heads 62BK - 62C of Fig. 7. In Fig. 8, reference 
numeral 14 designates ink ejection outlets, 24, an 
ink supply pipe, 140, a plurality of IC circuits (dri- 
vers) for driving the electrothermal transducers of 
the present invention, and 70 and 72, terminals. 

SECOND EMBODIMENT 

Figs. 9A and 9B show an arrangement of the 
driver of the recording head of the second embodi- 
ment of the present invention, and Figs. 9C and 9D 
illustrate the timing of the operation of the drivers. 
Fig. 9A shows a circuit configuration of each driver 
arranged into an IC. In Fig. 9A, reference char- 
acters IDX0 - IDX3 denote respective digits of a 
drive index signal fed from a drive index setting 
portion 145 in Fig. 9B. Reference character 
CLR/MOD designates a clear/mode signal for inhib- 
iting the ejection of ink during the transfer of the 
drive index signal which is sent to a drive index 
read and designation portion 204 in Fig. 12. 

Reference numeral 112 denotes a shift register 
functioning as a 4-bit parallel-to-serial (P/S) con- 
verter which reads the respective bits IDX0 - IDX3 
of the drive index signal that have been previously 
set in the drive index setting portion 145 in Fig. 9B, 
and which transfers the bits in synchronism with a 
shift clock SCK1. Reference character LAT1 de- 
notes a load signal for loading the bits IDXO - IDX3 
of the drive index signal into the parallei-to-serial 
converter 112. This signal LAT1 is also used as a 
latch signal for loading recording data from a shift 
register 117 to a latch 116 in a normal drive mode 
which will be described later. Reference numerals 
113 - 115 designate gate circuits for switching 
serial data between the drive index input mode, in 
which the drive index signal is transmitted from the 
serial-to-parallel converter 112 to the drive index 
read and designation portion 204 in Fig. 12, and 
the normal drive mode, in which the recording data 
is loaded into the shift registers 117 of respective 
drivers, and then the electrothermal elements are 
driven block by block by the drivers. 



Fig. 9B shows the entir arrangement of a 
recording head unit 205 (se Fig. 12) of th second 
embodiment of the pr sent invention. In Fig. 9B, 
referenc characters IC1 ■ ICN designate the dri- 
s vers each of which is arranged as shown in Fig. 
9A, and is integrated into an IC. Patterns depicted 
at the bottom of the drivers IC1 - ICN in Fig. 9B are 
driver index setting portions 145, and parts de- 
picted on the top of the drivers IC1 - ICN are 
to electrothermal transducers (thermal elements) 150 
as energy producing members provided in the ink 
ejection outlets. 

The drive index setting portions 145 are 
formed in the course of fabrication process of the 
75 recording head as follows: first, the resistances of 
the thermal elements in one block are measured; 
second, the average value of the resistances are 
calculated; third, the optimum value of the drive 
index of the block is determined according to the 
20 average value of the resistances; and fourth, the 
preformed pattern of the drive index setting portion 
145 (see Fig. 10A) is selectively cut off by a laser 
beam or the like so that the optimum value is set 
as the drive index of the block (see Fig. 10B). This 
25 procedure is repeated for all the blocks to set the 
drive indices of all the drivers IC1 - ICN in Fig. 9B. 
An example of the patterns set in the process 
above is shown in Fig. 11: each pattern is repre- 
sented by a binary word that indicates the increase 
30 amount or decrease amount from the standard 
pulse width. Thus, the recording head is fabricated 
in which the optimum drive indices are set for 
respective blocks, i.e., for respective drivers IC1 - 
ICN. 

35 Figs. 10A and 10B show the packaging pattern 
of the driver ICs on the recording head substrate. 
Fig. 10A shows the drive index setting portion 145 
enclosed by broken line rectangles. Fig. 10B shows 
an example in which parts of the setting pattern is 

40 CUt Off. 

Fig. 12 shows a block diagram of the control 
system of the main body that controls the record- 
ing head of the second embodiment of the present 
invention. The control system operates in two 

45 modes: the drive index input mode in which the 
drive index signal is transmitted from the parallel- 
to-serial converter 112 in Fig. 9A to the drive index 
read and designation portion 204 in Fig. 12; and 
the normal drive mode in which the recording data 

so is loaded into the shift registers 117 of respective 
drivers, and then the electrothermal transducers 
150 are driven block by block by the drivers. 

First, the operation of the drive index input 
mode is described. In this mode, the CLR/MOD 

55 signal rises to the high level in a predetermined 
timing, e.g., in synchronism with the power on, 
thereby the ink ejection is inhibited. Then, the drive 
index signal IDXO - IDX3 is loaded into the parallel- 
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to serial converter 112 by the lath signal LAT1. The 
drive index signal is read from th parallel-to-serial 
converter 112 in a serial fashion in synchronism 
with the data transfer clock SCKI, and is transmit- 
ted to the next parallel-to-serial converter 112 
through the gate 115 and 114. In this case, the 
drive index signal of the next driver is transferred 
to the driver following the next driver at the same 
time. The drive index signal of the blocks 1 - N, 
which is thus transferred in sequence, is transmit- 
ted to the drive index read and designation portion 
204, and is stored therein. Fig. 9D shows the 
timing of the operation. 

After that, the normal drive mode is started, the 
operation timing of which is shown in Fig. 9C: the 
CLR/MOD signal is switched to the low level, there- 
by enabling the data in the shift register 117 to be 
transmitted to the next driver via the gates 113 and 
114. In this condition, one line of recording data are 
transferred from the memory 201 to the shift regis- 
ters 117 of the respective head drivers, and are 
loaded into the latches 116. Then, the head drivers 
1C1 - ICN are sequentially driven by the drive 
signals of the optimum pulse widths as in the first 
embodiment. More specifically, in this mode, the 
recording head drive controller 203 generates a 
pulse train including pulses of widths determined 
by the drive indices, and sends the pulses as the 
enable signal ENB1 in Fig. 9C. The enable signal 
ENB1 is applied to AND gates 119 (see Fig. 9A) of 
all the drivers IC1 - ICN. At the same time, the 
AND gate 119 of each respective one of the drivers 
IC1 - ICN is sequentially opened by the output of a 
D-flip-flop 118 which functions as a delay circuit. 
Thus, the enable signal ENB1 of the optimum width 
for the block is outputted from the AND gate 119 
so that the driver transistors 121 are driven by the 
outputs of AND gates 120. Therefore, the thermal 
elements of the block are driven by pulses of the 
same optimum width. 

As described above, according to the present 
invention, electrothermal transducers (thermal ele- 
ments) of the recording head are divided into a 
number blocks, and each block is driven by the 
drive circuit in which the optimum drive index is 
previously set. When the electrothermal trans- 
ducers of the block are driven, the width of the 
drive pulses applied to the electrothermal trans- 
ducers is determined by the drive index so that the 
pulse width takes the optimum value. As a result, 
the electrothermal transducers are supplied with 
appropriate . energy corresponding to the resis- 
tances thereof, thereby achieving high quality re- 
corded images. 

Furthermore, according to the second embodi- 
ment, the drive index preset values can be ob- 
tained through the drivers IC1 - ICN by adding 
simple drive index setting circuits 145 to common 



drivers, which prev nts the recording head from 
being r markably incr ased in siz . In addition, 
since the setting values of the drive indie s ar 
converted from parallel to serial signal, they can be 
5 transmitted by using the conventional drive signal 
line. This enables the second embodiment to be 
compactly implemented without adding extra wir- 
ing. 

10 VARIOUS ASPECTS OF THE INVENTION 

The present invention can be applied not only 
to the ink jet recording method and apparatus 
described above, but also to other types of record- 
75 ing methods and apparatuses such as a thermal 
type. 

Although the above embodiments use pulse 
widths as a drive condition, voltage values, or the 
combinations of pulse widths and voltage values 
20 can be used. Alternatively, changes in pulse 
waveforms can be used, or changes in the number 
of pulses may be used in a system using a plural- 
ity of drive pulses. 

Moreover, although the above embodiments 
25 are described exemplifying an ink jet recording 
apparatus which uses, as ink ejection energy gen- 
erating elements, the electrothermal transducers 
that generate thermal energy for film boiling the 
ink, devices for generating energy for ink ejection 
30 are not restricted to the electrothermal transducers: 
it is obvious that the present invention can be 
applied to recording methods and apparatuses in 
which the recording is performed by a recording 
head provided with elements for generating ejec- 
35 tion energy by applying electric drive signals such 
as piezoelectric elements. 

The present invention, however, is especially 
effective when applied to the ink jet recording 
system, and in particular, to such recording heads 
40 and recording apparatuses which are provided with 
means (such as electrothermal transducers or la- 
sers) for generating thermal energy that generates 
changes in the state of ink. This is because the 
above-mentioned apparatus can achieve high-den- 
45 sity and high-precision recording, and hence re- 
quires the increasing number of electrothermal 
transducers or the recording elements, which 
makes the drive system of the present invention 
more effective. 
50 The present invention is particularly suitably 
useable in an ink jet recording head having heating 
elements that produce thermal energy as energy 
used for ink ejection and recording apparatus using 
the head. This is because, the high density of the 
55 picture element, and the high resolution of the 
recording are possible. 

The typical structure and the operational princi- 
ple are preferably the one disclosed in U.S. Patent 
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Nos. 4,723,129 and 4,740,796. The principle is 
applicable to a so-called on-demand type r cording 
system and a continuous type recording system 
particularly however, it is suitable for the on-de- 
mand type because the principl is such that at 
least one driving signal is applied to an electrother- 
mal transducer disposed on liquid (ink) retaining 
sheet or liquid passage, the driving signal being 
enough to provide such a quick temperature rise 
beyond a departure from nucleation boiling point, 
by which the thermal energy is provide by the 
electrothermal transducer to produce film boiling 
on the heating portion of the recording head, 
whereby a bubble can be formed in the liquid (ink) 
corresponding to each of the driving signals. By 
the development and collapse of the bubble, the 
liquid (ink) is ejected through an ejection outlet to 
produce at least one droplet. The driving signal is 
preferably in the form of a pulse, because the 
development and collapse of the bubble can be 
effected instantaneously, and therefore, the liquid 
(ink) is ejected with quick response. The driving 
signal in the form of the pulse is preferably such as 
disclosed in U.S. Patent Nos. 4,463,359 and 
4,345,262. In addition, the temperature increasing 
rate of the heating surface is preferably such as 
disclosed in U.S. Patent No. 4,313,124. 

The structure of the recording head may be as 
shown in U.S. Patent Nos. 4,558,333 and 4,459,600 
wherein the heating portion is disposed at a bent 
portion in addition to the structure of the combina- 
tion of the ejection outlet, liquid passage and the 
electrothermal transducer as disclosed in the 
above-mentioned patents. In addition, the present 
invention is applicable to the structure disclosed in 
Japanese Patent Application Laying-Open No. 
123670/1984 wherein a common slit is used as the 
ejection outlet for a plurality of electrothermal trans- 
ducers, and to the structure disclosed in Japanese 
Patent Application Laying-open No. 138461/1984 
wherein an opening for absorbing pressure wave of 
the thermal energy is formed corresponding to the 
ejecting portion. This is because, the present in- 
vention is effective to perform the recording opera- 
tion with certainty and at high efficiency irrespec- 
tive of the type of the recording head. 

The present invention is effectively applicable 
to a so-called full-line type recording head having a 
length corresponding to the maximum recording 
width. Such a recording head may comprise a 
single recording head and a plurality recording 
head combined to cover the entire width. 

In addition, the present invention is applicable 
to a serial type recording head wherein the record- 
ing head is fixed on the main assembly, to a 
replaceable chip type recording head which is con- 
nected electrically with the main apparatus and can 
be supplied with the ink by being mounted in the 



main assembly, or to a cartridge type recording 
head having an integral ink container. 

The provision of the recovery means and the 
auxiliary means for the preliminary operation are 
s preferable, becaus they can further stabilize the 
effect of the present invention. As for such means, 
there are capping means for the recording head, 
cleaning means therefor, pressing or sucking 
means, preliminary heating means by the ejection 
w electrothermal transducer or by a combination of 
the ejection electrothermal transducer and addi- 
tional heating element and means for preliminary 
ejection not for the recording operation, which can 
stabilize the recording operation. 
75 As regards the kinds and the number of the 

recording heads mounted, a single head corre- 
sponding to a single color ink may be equipped, or 
a plurality of heads corresponding respectively to a 
plurality of ink materials having different recording 
20 color or density may be equipped. The present 
invention is effectively applicable to an apparatus 
having at least one of a monochromatic mode 
solely with main color such as black and a multi- 
color mode with different color ink materials or a 
25 full-color mode by color mixture. The multi-color or 
full-color mode may be realized by a single record- 
ing head unit having a plurality of heads formed 
integrally or by a combination of a plurality of 
recording heads. 
30 Furthermore, in the foregoing embodiment, the 
ink has been liquid. It may, however, be an ink 
material solidified at the room temperature or be- 
low and liquefied at the room temperature. Since in 
the ink jet recording system, the ink is controlled 
35 within the temperature not less than 30 " C and not 
more than 70 ° C to stabilize the viscosity of the ink 
to provide the stabilized ejection, in usual recording 
apparatus of this type, the ink is such that it is 
liquid within the temperature range when the re- 
40 cording signal is applied. In addition, the tempera- 
ture rise due to the thermal energy is positively 
prevented by consuming it for the state change of 
the ink from the solid state to the liquid state, or 
the ink material is solidified when it is left is used 
45 to prevent the evaporation of the ink. In either of 
the cases, the application of the recording signal 
producing thermal energy, the ink may be lique- 
fied, and the liquefied ink may be ejected. The ink 
may start to be solidified at the time when it 
so reaches the recording material. The present inven- 
tion is applicable to such an ink material as is 
liquefied by the application of the thermal energy. 
Such an ink material may be retained as a liquid or 
solid material on through holes or recesses formed 
55 in a porous sheet as disclosed in Japanese Patent 
Application Laying-Open No. 56847/1979 and Japa- 
nese Patent Application Laying-Open No. 
71260/1985. The sheet is faced to the electrother- 
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mal transducers. The most effective one for the ink 
materials described above is the film boiling sys- 
tem. 

The ink jet recording apparatus may b used 
as an output means of various types of information 5 
processing apparatus such as a work station, per- 
sonal or host computer, a word processor, a copy- 
ing apparatus combined with an image reader, a 
facsimile machine having functions for transmitting 
and receiving information, or an optical disc ap- io 
paratus for recording and/or reproducing informa- 
tion into and/or from an optical disc. These appara- 
tus requires means for outputting processed in- 
formation in the form of hand copy. 

Fig. 13 schematically illustrates one embodi- 75 
ment of a utilizing apparatus in accordance with the 
present invention to which the ink jet recording 
system shown in Fig. 7 is equipped as an output 
means for outputting processed information. 

In Fig. 13, reference numeral 10000 schemati- 20 
cally denotes a utilizing apparatus which can be a 
work station, a personal or host computer, a word 
processor, a copying machine, a facsimile machine 
or an optical disc apparatus. Reference numeral 
11000 denotes the ink jet recording apparatus 25 
(IJRA) shown in Fig. 7. The ink jet recording ap- 
paratus (IJRA) 11000 receives processed informa- 
tion form the utilizing apparatus 10000 and pro- 
vides a print output as hand copy under the control 
of the utilizing apparatus 10000. so 

Fig. 14 schematically illustrates another em- 
bodiment of a portable printer in accordance with 
the present invention to which a utilizing apparatus 
such as a work station, a personal or host com- 
puter, a word processor, a copying machine, a 35 
facsimile machine or an optical disc apparatus can 
be coupled. 

In Fig. 14, reference numeral 10001 schemati- 
cally denotes such a utilizing apparatus. Reference 
numeral 12000 schematically denotes a portable 40 
printer having the ink jet recording apparatus 
(URA) 11000 shown in Fig. 7 is incorporated 
thereinto and interface circuits 13000 and 14000 
receiving information processed by the utilizing ap- 
paratus 11001 and various controlling data for con- 45 
trolling the ink jet recording apparatus 11000, in- 
cluding hand shake and interruption control from 
the utilizing apparatus 11001. Such control per se 
is realized by conventional printer control technol- 



Clalms 

1. A print head having a plurality of recording 
elements (28,34,150) located on a substrate for 55 
recording image data on a recording medium, 
the recording elements being divided into a 
plurality (N) of blocks, and drive means (IC- 



1...IC-N) for sequentially driving the elem nts 
in the blocks in accordanc with image data to 
be reproduced, and characterised in that said 
print head further comprises storage m ans 
(145) associated with each block and mounted 
on the same substrate, each said storage 
means defining a pre-measured operating 
characteristic of its associated block, and 
wherein the energy supplied to the recording 
elements of a block by said drive means is 
varied in accordance with the stored operating 
characteristic of the block as defined by said 
storage means. 

2. A print head according to claim 1, wherein 
each recording element includes an electric 
resistance element (34, 150) and the operating 
characteristic defined by each said storage 
means is the average of the resistance values 
of the resistance elements in its associated 
block. 

3. A print head according to either of claims 1 or 
2, wherein the operating characteristic stored 
in each storage means controls the pulse 
widths of driving signals from the driving 
means supplied to the recording elements in 
operation of the apparatus. 

4. A print head as claimed in claim 1 , and further 
comprising: 

reading means for reading an operating 
characteristic of a block as stored in said stor- 
age means by using a part (204) of said driv- 
ing means. 

5. A print head according to any preceding claim 
wherein the recording elements are ink jets 
having electrothermal transducers which gen- 
erate thermal energy so as to eject ink. 

6- A printer including a print head as claimed in 
any one of the preceding claims. 

7. A method of recording image data comprising 
driving sequentially a plurality (N) of blocks of 
recording elements (12,34,150), the recording 
elements being formed on a substrate, and 
wherein the driving signals for each block of 
recording elements are varied in accordance 
with pre-stored data stored in storage means 
(145) associated with the blocks and mounted 
on the same substrate, the pre-stored data for 
each block defining an operating characteristic 
for the block, whereby the energy supplied to 
the recording elements of a block is varied in 
accordance with the stored operating charac- 
teristic of the block as defined by the storage 
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means. 

8. A method according to claim 7, wherein each 
recording element includes an electric resis- 
tance element (34,150) and the operating char- 
acteristic defined by the pre-stored data is the 
average of the resistance values of the resis- 
tance elements in the block. 

9. A method according to either claim 7 or claim 
8 t wherein the operating characteristic stored 
in each block controls the pulse widths of 
driving signals supplied to the recording ele- 
ments. 

10. A method as claimed in any one of claims 7 to 
9, wherein the operating characteristics as 
stored in a block are read using part (204) of 
the means (IC-1...IC-N) used for driving the 
blocks of recording elements. 

Patentanspriiche 

1. Druckkopf mit einer Vielzahl von Aufzeich- 
nungselementen (28, 34, 150), die sich auf 
einem Substrat zum Aufzeichnen von Bildda- 
ten auf einem Aufzeichnungsmedium befinden, 
wobei die Aufzeichnungselemente in eine Viel- 
zahl (N) von BI6cken aufgeteilt sind, und einer 
Steuervorrichtung (IC-1 ... IC-N) zum sequen- 
tiellen Steuern der Elemente in den Blocken 
entsprechend wiederzugebenden Bilddaten, 
dadurch gekennzelchnet, dafl 
der Druckkopf auBerdem eine zu jedem Block 
zugehorige und auf demselben Substrat befe- 
stigte Speichervorrichtung (145) aufweist, wo- 
bei jede Speichervorrichtung eine vorher ge- 
messene Arbeitskennlinie ihres zugehorigen 
Blocks definiert, und wobei die den Aufzeich- 
nungselementen eines Blocks durch die Steu- 
ervorrichtung zugefiihrte Energie entsprechend 
der gespeicherten Arbeitskennlinie des durch 
die Speichervorrichtung definierten Blocks ver- 
andert wird. 

2. Druckkopf nach Anspruch 1, dadurch ge- 
kennzelchnet, dafl jedes Aufzeichnungsele- 
ment ein elektrisches Widerstandselement (34, 
150) aufweist und die durch die Speichervor- 
richtung definierte Arbeitskennlinie der Durch- 
schnitt der Widerstandswerte der Widerstands- 
elemente in ihrem zugehfirigen Block ist. 

3. Druckkopf nach einem der Anspruche 1 oder 
2, dadurch gekennzelchnet, dafl die in jeder 
Speichervorrichtung gespeicherte Arbeitskenn- 
linie die Impulsbreiten der aus der Steuervor- 
richtung den Aufzeichnungselementen im Be- 



trieb des G rats zugefuhrten Steuersignale 
steuert. 

4. Druckkopf nach Anspruch 1, g kennzelchn t 
durch ein Lesevorrichtung zum L s n einer 
in der Speichervorrichtung gespeicherten Ar- 
beitskennlinie eines Blocks durch Verwendung 
eines Teils (204) der Steuervorrichtung. 

) 5. Druckkopf nach einem der vorangehenden An- 
spruche, dadurch gekennzelchnet, daB die 
Aufzeichnungselemente Tintenstrahlen mit 
elektrothermischen Wandlern sind, die Warme- 
energie zum AusstoSen von Tinte erzeugen. 

6. Drucker mit einem Druckkopf nach einem der 
vorangehenden Anspruche. 

7. Verfahren zum Aufzeichnen von Bilddaten mit 
o einem sequentiellen Steuern einer Vielzahl (N) 

von Blocken von Aufzeichnungselementen (12, 
34, 150), wobei die Aufzeichnungselemente auf 
einem Substrat ausgebildet sind, und wobei 
die Steuersignale fur jeden Block der Aufzeich- 

> 5 nungselemente entsprechend den Blocken zu- 

gehfirigen, vorher gespeicherten Daten veran- 
dert werden, die in einer auf demselben Sub- 
strat befestigten Speichervorrichtung (145) ge- 
speichert sind, wobei die vorher gespeicherten 

jo Daten fur jeden Block eine Arbeitskennlinie fiir 

den Block definieren, wodurch die den Auf- 
zeichnungselementen eines Blocks zugefuhrte 
Energie entsprechend der gespeicherten, 
durch die Speichervorrichtung definierte Ar- 

35 beitskennlinie des Blocks verandert wird. 

8. Verfahren nach Anspruch 7, wobei jedes Auf- 
zeichnungselement ein elektrisches Wider- 
standselement (34, 150) aufweist und die 
40 durch die vorher gespeicherten Daten definier- 

te Arbeitskennlinie der Durchschnitt der Wider- 
standswerte der Widerstandselemente in dem 
Block ist. 

45 9. Verfahren nach Anspruch 7 oder 8, wobei die 
in jedem Block gespeicherte Arbeitskennlinie 
die Impulsbreiten der den Aufzeichnungsele- 
menten zugefuhrten Steuersignale steuert. 

so 10. Verfahren nach Anspruch 7 oder 8, wobei die 
in einem Block gespeicherte Arbeitskennlinie 
unter Verwendung eines Teils (204) der zum 
Steuern der Bldcke von Aufzeichnungselemen- 
ten verwendeten Vorrichtung (IC1 ... ICN) gele- 

55 sen wird. 
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Revendications 

1. Tete d'impression ayant un ensemble de- 
ments (28, 34, 150) d'enregistrement situ^s sur 
un substrat pour enregistrer des donn6es 
d'images sur un support d'enregistrement, les 
Elements d'enregistrement etant divises en un 
ensemble (N) de blocs, et des moyens (1C- 
1...IC-N) d'attaque pour attaquer sequentielle- 
ment les elements se trouvant dans les blocs 
en fonction de donnees d'images a reproduire, 
et caracterisee en ce que ladite tete d'impres- 
sion comprend en outre des moyens (145) de 
stockage assoctes a chaque bloc et montes 
sur le meme substrat, chacun desdits moyens 
de stockage dSfinissant une caracteristique de 
fonctionnement prealablement mesuree de son 
bloc associe et en ce que I'energie fournie aux 
elements d'enregistrement d'un bloc par ledit 
moyen d'attaque est amenee a varier en fonc- 
tion de la caracteristique de fonctionnement 
stocked du bloc, telle qu'elle est definie par 
lesdits moyens de stockage. 

2. Tete d'impression selon la revendication 1, 
dans laquelle chaque element d'enregistre- 
ment comporte un element (34, 150) a resis- 
tance eiectrique et la caracteristique de fonc- 
tionnement definie par chacun desdits moyens 
de stockage est la moyenne des valeurs de 
resistance des Elements a resistance du bloc 
associe. 

3. Tete d'impression selon I'une quelconque des 
revendications 1 et 2, dans laquelle la caracte- 
ristique de fonctionnement stockee dans cha- 
que moyen de stockage commande les lar- 
geurs d'impulsions de signaux d'attaque pro- 
venant des moyens d'attaque et fournis aux 
elements d'enregistrement lors du fonctionne- 
ment de I'appareil. 

4. Tete d'impression selon la revendication 1, 
comprenant en outre: 

un moyen de lecture pour lire une caracte- 
ristique de fonctionnement d'un bloc, tel qu'el- 
le est stockee dans lesdits moyens de stocka- 
• ge par utilisation d'urie partie (204) desdits 
moyens d'attaque. 

5. TSte d'impression selon I'une quelconque des 
revendications precSdentes, dans laquelle les 
eM6ments d'enregistrement sont des jets d'en- 
cre ayant des transducteurs eMectrothermiques 
qui degagent de I'energie thermique de fagon 
a ejecter de I'encre. 



6. Imprimant comportant un t§t d'impression 
selon I'un quelconqu d s r vendications pr6- 
cedentes. 

7. Procede d'enregistrement de donnees d'ima- 
ges comprenant I'attaque s^quentielle d'un en- 
semble (N) de blocs d'elSments (12, 34, 150) 
d'enregistrement, les elements d'enregistre- 
ment etant formes sur un substrat, et dans 

► lequel les signaux d'attaque destines a chaque 

bloc d'el6ments d'enregistrement sont amenes 
a varier en fonction de donnees prealablement 
stockees dans des moyens (145) de stockage 
assoctes aux blocs et months sur le meme 

5 substrat, les donnees prealablement stockees 

pour chaque bloc dSfinissant une caractSristi- 
que de fonctionnement pour le bloc, de telle 
sorte que I'energie fournie aux elements d'en- 
registrement d'un bloc soit amende a varier en 

o fonction de la caracteristique de fonctionne- 

ment stocked du bloc, telle qu'elle est definie 
par les moyens de stockage. 

8. Proc$de" selon la revendication 7, dans lequel 
!5 chaque element d'enregistrement comporte un 

element (34, 150) a resistance eiectrique et la 
caracteristique de fonctionnement definie par 
les donnees prealablement stockees est la 
moyenne des valeurs de resistance des eie- 
)0 ments a resistance se trouvant dans le bloc. 

9. Procede selon Tune quelconque des revendi- 
cations 7 et 8, dans lequel la caracteristique de 
fonctionnement stockee dans chaque bloc 

35 commande les largeurs d'impulsion de signaux 

d'attaque fournis aux elements d'enregistre- 
ment. 

10. Procede selon I'une quelconque des revendi- 
40 cations 7 a 9, dans lequel les caracteristiques 

de fonctionnement telles qu'elles sont stockees 
dans le bloc sont lues par utilisation d'une 
partie (204) des moyens (IC-1...IC-N) utilises 
pour attaquer les blocs d'eiements d'enregis- 
45 trement. 
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